Young swine (28 days of age) were fed an isocaloric and isonitrogenous diet with either a high fat or a low fat content for 3 to 4 weeks. The adipose tissue lipolytic rate was higher in the group fed the high fat diet. However, there was no effect of diet on the activities of several of the enzymes controlling the lipolytic process, i.e., adenylate cyclase, phosphodiesterase and hormone-sensitive lipase. No effect of diet on the activity of lipoprotein lipase was detected. Fasting for 72 hr, but not for 24 or 48 hr, caused an increase in the lipolytic rate. There was also a decrease in cell size after a 72-hr fast (P>.05) such that the increased rate was not significant when the data were expressed on a cell basis. Inexplicable transient changes in adenylate cyclase activity, as well as a decrease in the activity of the low affinity phosphodiesterase (doubtful physiological significance), were detected during starvation. Starvation depressed the adipose tissue lipoprotein lipase activity but had no effect on the hormonesensitive lipase activity.
Introduction
The lipid synthetic capacity of swine adipose tissue is affected by various dietary-regimens such as the level and type of dietary fat (Allee, et al., 1971) and fasting (Mersmann et al., 1976; Klain et al., 1977; Steffen et al., 1978b) . By contrast, the effect of nutritional status on the lipolytic capacity of swine adipose tissue 1 Present address: General Foods Corp., The Technical Center, White Plains, NY 10625. 2present address of author to whom correspondence should be sent: Roman L. Hruska US Meat Animal Research Center, USDA, SEA--AR, Clay Center, NE 68933.
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has not been investigated thoroughly. Martin et al. (1974) demonstrated that a low energy diet fed to neonatal pigs increased epinephrinestimulated lipolytic rates at 23 weeks postpartum. Mersmann et al. (1975b) reported that high fat diets fed to 35-day-old pigs gave greater in vitro lipolytic rates and greater sensitivity to epinephrine than did low fat diets, and Mersmann et al. (1975c) showed that weaning reduced the lipolytic rate and sensitivity to epinephrine. These studies suggest that the lipolytic processes are stimulated by dietary fat; however, energy intake was not controlled in either of these experiments (Mersmann et al., 1975b,c) .
The current experiment attempted to assess the effects of isonitrogenous, isocaloric high fat and low fat diets on lipolytic functions in adipose tissue. The effects of a short-term fast on lipolytic functions were also measured.
Methods
In Exp. 1, female Yorkshire swine were removed from the sow on day 10 postpartum and fed a commercial liquid milk replacer 3 (as decribed by Steffen et al., 1978b) at 0800, 1200, 1600 and 2000 hours. All swine had free access to water. At 21 days of age, the pigs were placed in individual pens and fed a ground corn and soybean oil-meal-based diet with intermediate fat content (table 1) . All swine had access to the same amount of an essentially isocaloric-isonitrogenous high fat or low fat ground diet presented at 0830 and 1600 hr beginning at day 28 postpartum. The amount of diet fed was the same for all pigs on a given day and was such that not more than 20% of all the pigs had feed remaining at the next 0830 hr feeding (. 15 kg/day initially, gradually increased to .65 kg/day by the end of the experiment). Diet compositions and analyses are listed in ensure that partial starvation did not influence the metabolic measurements. Animals were killed at 49 to 58 days postpartum (21 to 30 days of diet) by a cephalic blow and exsanguination between 0900 and 1000 hr (with no 0830 hr feeding). Baekfat was removed from the mid-dorsal region of the neck, cephalad to the scapulae and placed in room temperature .9% NaC1 for subsequent use in lipolysis studies.
In Exp. 3, crossbred (Yorkshire, Hampshire, Duroc) female pigs were obtained from a commercial source and, after several days' acclimation, were fed an 18% protein-3% fat diet (Steffen et al., 1978b) . Some of the animals were fasted for 24 or 48 hr before sacrifice. The mean weights at slaughter for the fed, 24 hr and 48 hr starved groups (four per group) were 13.0, 12.4 and 11.5 kg (pooled SE = .4), respectively. Backfat was removed and placed in room temperature .9% NaCI for lipolysis studies.
Exp. 4 was conducted with male (castrated at day 10 postpartum) and female crossbred swine (Yorkshire, Hampshire, Duroc) obtained from a commercial source. They were weaned at day 21 postpartum, placed in individual pens, fed a diet with an intermediate fat content for 1 week and then given either a high or a low fat diet as in Exp. 1. The daily feed intake was increased to 1 kg/day by the end of the fourth week. The pigs were sacrificed between 56 and 60 days postpartum (28 to 32 days on diet), at which time backfat was removed to cold .9% NaC1 for subsequent enzyme measurements. Twelve pigs were fed the high fat diet, and 11 were fed the low fat diet. Four pigs on each diet were fed, four were fasted for 24 hr (three for low fat diet) and four were fasted for 72 hr before sacrifice.
Lipolysis was determined on adipose tissue slices (200 mg) incubated for 2 hr at 37 C in a shaking water bath. The medium contained a Krebs-Ringer bicarbonate type buffer (Umbreit et al., 1957) fortified with 11.1 mM glucose, 4.5% albumin, .57 mM ascorbate and an epinephrine concentration between 3 • 10 -7 and 2.4 • 10 -a M. The medium was gased with 95% O2-5% CO2, and the incubations were conducted in sealed flasks under an atmosphere of the same gas. After incubation, the medium was analyzed for fatty acids (Kelley, 1965) . Details of the methodology, optimization of the incubation system for swine tissue and data handling procedures have been described by Mersmann et al. (1974) .
Adenyiate cyclase (ATP pyrophosphate lyase [cyclizing] , EC 4.6.1.1) and cyclic AMPphosphodiesterase (EC 3.1.4.17) were assessed in centrifugal fractions obtained from cold adipose tissue homogenates by following the conversion of ATP-8)4C to cyclic-AMP-8A4C and the catabolism of 3H-(G)-cyclic AMP, respectively (Mersmann et aL, 1977) . Hormone-sensitive lipase and lipoprotein lipase were measured in centrifugal fractions obtained from adipose tissue homogenates by following the conversion of glyceryl tri(1-14C-)oleate at pH 6.8 and 8.5, respectively (Steffen et aL, 1978a) .
The size and number of adipocytes in tissue isolated by a collagenase procedure were determined by optical sizing (Mersmann et al., 1975a) .
Data were analyzed by one-way analysis of variance (Snedecor and Cochran, 1967) . There were no significant effects due to sex in Exp. 2 or 4 or to diet in Exp. 4, and these factors were bNo. = number of animals.
x'Y'ZMeans within an experiment with different superscripts differ (P<.05).
subsequently ignored in the analyses. Statistical significance will be considered as P< .05 throughout the discussion of results.
Results and Discussion
The same trends were observed in Exp. 1 and 4 (table 2) as in previous experiments of similar design (Mersmann et al., 1976) ; i.e., swine with the same energy intake gained an equal amount of weight regardless of the fat content of the diet, and adipocyte size tended to be greater in pigs fed isocaloric amounts of the high fat diet.
Fasting for 1 to 3 days depressed the body weight (Exp. 2, 3 and 4; table 2) but had no significant effect on adipocyte size. However, there was a tendency for adipocyte diameter to decrease with fasting in both Exp. 2 and 4.
The basal and the maximal lipolytic rates were greater (basal, P>.05; maximal, P<.05) in animals fed the high fat diet than in those fed the low fat diet, regardless of the tissue base used for expression of the data (Exp. 1; table 3). In a previous experiment (Mersmann et al., 1975b) , pigs fed a high fat, milk-based diet ad libitum had higher lipolytic rates than those fed a low fat, grain-based diet. However, a third group fed a high fat, grain-based diet had rates similar to those of the low fat group. In the current experiment, there was no diet effect on the concentration of epinephrine needed to yield 50% of the maximal lipolytic response, i.e., the EDs0. In contrast, in a previous study involving ad libitum feeding (Mersmann et al., 1975b) , animals fed a high fat diet had lower EDs0'S than did those fed a low fat diet. The aThe data are expressed as the mean with the SE. bHF = high fat diet; LF = low fat diet.
CNo. = number of animals.
dThe basal lipolytic rate is that with no exogenous epinephrine; the maximal lipolytic rate is the maximal response calculated from a probit by log dose-response curve. Data expressed as micromoles of fatty acid released to medium per gram of tissue or per 10 s cells per 90 min at 37 C.
eThe EDs0 is the dose of epinephrine yielding 50% of the maximal response.
*Different (P<.05) from other values within the same experiment.
previous experiments were flawed because the energy and N intakes were not controlled, and the protein and carbohydrate sources in the milk-and grain-based diets were totally different. It should be noted that in all these experiments, the apparent increase in the ability of pigs fed high fat diets to mobilize fatty acids (by comparison with the ability of low fat-fed swine) was accompanied by a tendency toward elevated circulating fatty acids. For example, the means + SE were 338 -+ 33 and 517 -+ 33 ~tmoles/liter for the low and high fat groups in Exp. 1. Studies of the influence of dietary fat on lipolysis in rats are equivocal. One report indicated no effect of dietary fat level (high versus low) on the epinephrine-stimulated adipose tissue lipolytic rate (Ogundipe and Bray, 1974) , whereas others have indicated a decrease in the norepinephrine-stimulated (Smith et al., 1974) or epinephrine-stimulated (Gorman et al., 1973) lipolytic rate in animals fed high fat diets. There appears to be a trend among rats toward a decreased lipolytic rate, and among pigs toward an increased lipolytic rate, in adipose tissue of animals fed a high fat rather than a low fat diet, although several experiments with both species are complicated by uncontrolled energy and N intake.
Short-term starvation had essentially no effect on lipolysis in swine adipose tissue. There was no obvious effect of fasting on the EDs0 for epinephrine stimulation of lipolysis (table 3 ; Exp. 2 and 3). After a 72-hr fast, the lipolytic rate appeared to increase in swine adipose tissue (Exp. 2); however, this increase was at least partially the result of decreased cell size with a consequent increased cell number per tissue mass in the starved animals and, hence, was not reflected in the data expressed on a cell basis. It is not known whether long-term fasting of swine is accompanied by an adaptive increase in the adipose tissue lipolytic capacity and(or) a decrease in the sensitivity to epinephrine.
Published data on the effects of starvation on lipolysis in rats are equivocal. One report indicated a decrease in the lipolytic rate after 72 hr of starvation (Larking and Nye, 1975) , whereas another (Zapf et al., 1977) indicated no change in the maximal lipolytic rate obtained with epinephrine and a decrease in the EDs0 after 72 hr of starvation.
The potential to synthesize or degrade adipose tissue cyclic AMP, a key intermediate in the stiumulation of lipolysis, was not influenced by diet in this study (data combined in table 4). There was a transient decrease in the unstimulated adenylate cyclase activity (synthesis of cyclic AMP) after a 24-hr fast, but activity was similar to that in animals in the fed group after a 72-hr fast. The same trend (P>.05) was observed for the stimulated (+ NaF) adenylate cyclase activity. There were no effects of starvation on the high affinity phosphodiesterase enzyme (degradation of cyclic AMP), but there was a decrease in the low affinity enzyme activity. However, the physiological function of the low affinity enzyme is questionable since the K m is far above the tissue levels of cyclic AMP (Mersmann et al., 1977) . The transient changes in the adenylate cyclase activity and the decrease in phosphodiesterase activity during starvation cannot be explained, as they were not reflected in the lipolytic rate in similar experiments (Exp. 2 and 3; table 3) and lipolysis rates were not measured in Exp. 4. The lipase responsible for the lipolytic activity (hormone-sensitive lipase) was not affected by diet (data not indicated) or by starvation (table 5) . The adipose tissue lipoprotein lipase activity, responsible for fatty acid entry into tissues, also was not affected by diet (data not indicated), unlike in rats, where the feeding of a low fat diet resulted in an increase in activity over that observed in animals fed a high fat diet (Weisenburg-Delorme and Harris, 1975; DeGasquet et al., 1977) . Swine adipose tissue lipoprotein lipase activity was markedly depressed by fasting (table 5) , as previously reported for rats (Weisenburg-Delorme and Harris, 1975) and pigs (Enser, 1973) . This activity was decreased at a time when the triglycerides of adipose tissue were being degraded for energy rather than being taken up for storage.
